Abstract. The combined isotopic records in the Greenland ice cores, in modern and ancient wood samples, and in marine foraminifera provide a climatic record for the Aller6d-B011ing-Younger Dryas and post-Younger Dryas Periods that is not compatible with the usual climatic interpretation of the 2H/1H ratios in the Greenland ice cores. For example, the Younger Dryas was not solely a North Atlantic event because evidence for it is also found in the 2H/1H record in wood samples which grew on the north slope of Alaska. The Younger Dryas was not necessarily a time of cooling over the ice caps. Moreover, it might have been a warming period in the temperate zones of the northern hemisphere continents. A better understanding of the climatic scenarios during these periods of time could be ascertained from additional isotopic data in plant remains which grew during these intervals and which cover a wider climatic range on the continents.
One of the unusual characteristics of the fid record for the Greenland ice cap [Dansgaard et al., 1989] In order to calculate a priori the •SD of the ice caps from presumed changes in the ocean temperature, some initial conditions must be specified. A temperature of 15øC for the ocean surface was assigned to a specific •SD value of-300%0 in the ice core. This will define a constant temperature of-20øC over the ice cap. If the õD of the ice is increasing as time progresses from 12.3 Kyr B.P. toward younger ages while air temperature over the ice remains fixed at -20øC, the surface ocean temperature would decrease from 15øC to 8øC. The broken line in Figure 3a was calculated from line C in Figure 2 for a decrease in ocean water temperature from 15 ø to 8øC at 12.3 Kyr B.P., followed by an increase in ocean water temperature of-7øC to 10.5 Kyr B.P., then followed by a decrease in ocean water temperature of-6øC to 10 Kyr B.P. This whole scenario from 12.3 to 10 Kyr B.P. could be accomplished by respective injection of cold water to the ocean surface followed by the incorporation of the cold surface water into the dominant preinjection water whose temperature was 15øC, and then followed by another injection of cold water to the ocean surface. Up to this point, we have confined our discussions to the isotope records between 12.4 and 10 Kyr B.P. This was due to the absence of convincing evidence that rapid injection of cold water, followed by a cutoff of the cold water, occurred during the period of 10 to 8.8 Kyr B.P. We wish to include the isotope data to suggest further investigations regarding the isotopic and other climatic records for this period ( Figure 5 ). Although there might be small magnitude, short-term fluctuations in the temperature of the surface ocean waters, over the longer term the surface ocean temperatures may remain stable (within a few degrees) or change gradually in response to worldwide climate changes. At such times, corresponding temperature changes will occur in the ice caps as well. Consequently, the õD records in the ice cap should usually reflect primarily the air temperature over the ice. This emphasizes the point that the model presented here concerning surface ocean temperatures is for the special circumstances associated with a glacial to interglacial climatic transition as represented by the Bolling-Younger Dryas and post-Younger Dryas oscillations. On the other hand, if the ice records contain relatively rapid fluctuations in their isotopic compositions, it is relevant to consider the possible role that ocean temperatures might play in determining these records. It is obviously important to complement this isotopic record with temperature-sensitive fid records of different materials found at other locations on the continents.
These will be critical to the understanding of the climate dynamics responsible for the history of the climate on Earth. The impact of the isotopic records of the few nonglacial sources used in this paper illustrates how important these records can be in providing information about past climates.
Summary
In spite of the uncertainties associated with determining the exact simultaneity of events recorded in these different, widely separated systems, the temporal correspondence of the large isotopic variations between -10 and 12.5 Kyr B.P. is striking and has important implications. The õD data on the wood samples from the north slope of Alaska suggest that the Aller6d-Bolling and Younger Dryas were widespread events in the northern hemisphere. The combination of isotope data from the Alaskan wood, the Greenland ice cap and pelagic foraminifera with sea level data from Barbados suggests that the Allerfd-B011ing event was initiated by rapid cooling, and the Younger Dryas event by a rapid warming in the midlatitude North Atlantic Ocean and probably in part of the North Pacific Ocean. These proposed temperature changes could be due to rapid addition and subsequent shutoff of meltwater-augmented, high-latitude surface ocean waters. Consequently, the large, rapid isotopic oscillations that were recorded on the north •-•,t-...................... would provide critical information about the climatic history of these areas during the Allertd-B011ing-Younger Dryas and post-Younger Dryas events. Outside of the time span covering these events, the general ice core isotopic record for the transition between the Glacial and Interglacial periods could be due mainly to warming of the air over the ice caps, if the temperature of the ocean source for the moisture feeding the ice caps remained relatively constant.
